ABSTRACT. This study reports radiocarbon dates of more than 30 samples of charred residues on pottery sherds of the Incipient Jomon period. The ages of Linear-relief (Ryukisenmon) pottery were 15,300-13,700 cal BP, with great differences among the samples. The pitted decoration (Enkomon), Nail-impressed (Tsumegatamon), and pressing and dragging (Oshibikimon) types date to 13,800-12,400 cal BP. For pottery of the same type, differences among sites were large. At the Unokiminami site, the impressed cord mark (Oatsu Jomon) is the main pottery type, including Nail-impressed. The latter shows a slightly older age. Stable isotope and elemental analyses were used to ascertain the origin of charred residues on the pottery. In the data set of Jomon pottery of the oldest type, residues consisting only of cooked nuts were found. However, Jomon people, even from early times, are thought to have cooked mixed plant and animal ingredients, including marine products.
INTRODUCTION
Pottery-making started in the terminal Late Pleistocene in Japan (Nakamura et al. 2001) , China (Boaretto et al. 2009) , and the Russian Far East (Kuzmin 2006) . Recently, the emergence of pottery in China was dated possibly back to 20,000 yr ago based on samples from Xianrendong Cave, Jiangxi, China (Wu et al. 2012 ).
The Incipient Jomon period in Japan can be divided into 4 phases according to changes in the pottery type (Taniguchi 2011 The analyzed samples are thought to belong to 2nd and 3rd groups above based on pottery type. Phase 2 corresponds to the Bølling oscillation, the first interstadial GI-1e after the Last Glacial Maximum (Lowe et al. 2008) . The varve chronology of Lake Suigetsu indicates changes in the sedimentation rate and sedimentary processes in the period around 12.6 kyr BP (Bronk Ramsey et al. 2012) . It is interesting that dates of the Linear-relief type are in the same range. Phase 3a corresponds to the Allerød oscillation, while Phase 3b is in the range of the Younger Dryas stadial.
Clarifying the purposes of use of earthenware vessels in the early days of pottery-making presents an important problem. Determining the kinds of food components eaten by ancient people, methods of getting food, and the manner of cooking are crucially important subjects in the fields of archaeology and anthropology. Stable isotopic analysis is an extremely powerful tool in the elucidation of paleodiet. The approach uses charred materials on the pottery surface. The materials are presumed to be residues of cooked food and the remaining information exists to reveal raw materials cooked by ancient populations for meals (Yoshida 2006) . They are the results of one or a few cooking expe-riences. To shed light on the diet of ancient people of the Jomon culture, they are a powerful resource.
Recently, some researchers have reported freshwater and marine reservoir effects observed for bone collagen and charred residue from inland archaeological sites. Yoneda et al. (2004a) reported isotopic evidence of bones for inland-water fishing by a Jomon population of Nagano Prefecture. Fisher and Heinemeier (2003) expected a freshwater effect on the radiocarbon dates of charred materials in Denmark, but Hart and Lovis (2007) compiled dates of the site and claimed only a single outlying date. Boudin et al. (2010) analyzed stable isotope values for fresh and charred/heated modern material to study thermal degradation. Kunikita et al. (2007) reported the marine reservoir effect on charred materials at an inland site of Primorye [Maritime] Province in the Russian Far East. This study and those above highlight the importance of measuring 14 C dates and C:N ratios simultaneously.
MATERIALS AND METHOD
About 50 sites of the Incipient Jomon period are located around Tsunan-machi (37.0N, 138.7E) in Niigata Prefecture, where the Shinano River and Kiyotsu River flow together. Pottery sherds of 6 ruins in that area and 2 ruins from another region were analyzed. The analyzed samples were charred residues on the surface of pottery from the Incipient Jomon period excavated from the following 8 archaeological sites located in Niigata Prefecture: 5 ruins are in Tokamachi City, as the Kuboderaminami site (4 vessels), the Komaruyama B site (1), the Jin site (5), the Nakada D site (3), and the Ozakashimizu site (2). Other sites include Saigura site (Nagaoka City, 4), Kosegasawadokutsu (Aga Town, 1), and Unokiminami site (Tsunan Town, 23).
After the excavation was conducted by archaeologists, we selected the vessels and potsherds with adherent charred materials. Samples of 1-230 mg in weight were scraped off using metal tools and collected on aluminum foil. Forty-three samples for 34 individuals were mainly collected from the outer wall of the pottery rim. To remove the contaminants for 14 C dating, samples were subjected to in acid-alkali-acid (AAA) pretreatment at room temperature or at 80 C (Yoshida et al. 2004 ). Alkaline treatment was done at concentrations of 0.0025 to 1.2M NaOH according to the condition of the sample, and stopped at 0.01M in many cases. For charred residues, samples are treated using acetone in an ultrasonic bath for eliminating binder and/or materials for ink rubbing before AAA pretreatment. The process of oxidation and reduction to the graphite sample was the same as that described in Yoshida and Miyazaki (2001) . 14 C dates were determined at the MALT facility, University of Tokyo (Kunikita et al. 2007 ) and were calibrated using IntCal09 data (Reimer et al. 2009 ) with the calibration program OxCal v 4.1.6 (Bronk Ramsey 2009).
The remainder of the sample was used to analyze the atomic and isotopic ratios for C and N. Typically, 0.05-0.1 mg of sample were measured for the C:N and δ 13 C ratios and 1-3 mg for the δ 15 N ratio. Measurements were performed using an elemental analyzer connected to an isotope ratio mass spectrometer (EA3028-HT and IsoPrime, IsoPrime EA; Micromass, UK). The uncertainties in the system are estimated as 0.1‰ for δ 13 C and 0.3‰ for δ 15 N.
RESULTS AND DISCUSSION

Radiocarbon Age
The 14 C ages for charred residues on Jomon potteries are listed in Tables 1 and 2 , and the ranges of calibrated ages are given in Figure 1 . 14 C dates are distributed span 10,500 to 12,700 BP, and are divisible into an old group of about 12,500 BP and a group younger than 12,000 BP.
Phase 2: Linear-relief (Ryukisenmon) Pottery
The calibrated 14 C ages for the "Linear-relief type" of the Kuboderaminami site are distributed between 15,200 and 14,200 cal BP, consistent with the previously reported values (Tsuji 2001) . The same type pottery at the Komaruyama B site is apparently about 1000 cal BP younger. It is similar to the age of pottery of the same type from the Seikosanso B site, Nagano Prefecture and the last stage of phase 2. The range of 15,200-13,600 cal BP is the same as that for the compiled data for Phase 2 (Taniguchi 2011).
Phase 3a: Pitted Decoration (Enkomon), Nail-Impressed or Decorated with Crescent-Impressed Patterns (Tsumegatamon), and Impressed Cord Mark (Oatsu Jomon) Pottery
The ages for the "pitted decoration" type at the Jin site fall between 13,800 and 13,400 cal BP. Ages for the "Nail-impressed" type are somewhat younger than the pitted decoration type, although some data show the same values as those for HY 34 and HY 37-2-1 in Figure 1 . Tsumegatamon is crescent patterns and fingernail-like impressions made by the inner rim of split bamboo. The ages for the Saigura site pottery continued to 13,300 cal BP, and those of the Nakada D site are 13,400-13,100 cal BP. The Kosegasawadokutsu site is by far the youngest, about 12,500 cal BP. Oshibikimon pots have linear patterns of impressions created by obliquely pressing and dragging into the surface. The age for the Oshibikimon pottery found at the Ozakashimizu site is 12,800-12,400 cal BP. Calibrated ages of pottery from the Unokiminami site are shown in Figure 1 . Most ages lie in the period 13,000-12,600 cal BP, between the age of the Nakada D and Kosegasawadokutsu sites, and is similar to the age of the Ozakashimizu site. The ages of type 3, impressing a cord-wrapped stick, and type 5, Nail-impressed only, are rather old: about 100 yr. The paired samples, residues on the outside of the potsherd and those on the inner side, are dated and mutually compared. The paired data are marked with a square frame in Figure 1 . The adhered region of the vessel shows different results. Samples 14 and 325 were taken from the body of the vessel, and other paired samples are from the rim. Sample 14 (outside) was probably affected by the "old wood effect."
Native Food Components in the Japanese Archipelago Table 3 and Figure 2 show isotopic values of typical native components collected in the Japanese Archipelago (this work ; Shimojo 1988; Minagawa 2001) . The ellipse in Figure 2 marks the ±2 range of each group. Isotopic values of flesh are estimated from those of animal bone collagen 
Isotopic Ratios Before and After Carbonization
To confirm whether information of isotopic ratios was lost during carbonization of food, we cooked various cooking ingredients using unglazed pottery of caliper shape (Nishida 2006) . Modern food Figure 2 Carbon and nitrogen isotopic ratios of Japanese native food components (ellipses in the figure mark the 2 ranges of each group).
material and water were poured into a vessel of about 25 cm height. The vessel was placed on a calm open-air fire or the cinders, and the contents were cooked until the water disappeared.
Cooking experiments of 50 kinds of ingredients have been conducted for seeds and grains such as red beans and foxtail millet, nuts such as acorns and horse chestnuts and chestnuts, bulbs and yam, animals such as black bears (Ursus Thibetanus japonicas), Shika deer (Cervus nippon), and raccoon dogs, and fish such as salmon. Almost all were regarded as food materials. Stable isotopic analyses were done on the raw materials and charred residues.
Results show that information related to the stable isotopes of carbon and nitrogen (δ 13 C and δ 15 N) were mostly maintained (Yoshida 2006) . The change of isotopic ratios is small for carbon, within ±2‰, excluding 1 sample (Figure 3 ). For the factor of change, as for the residual solid, the ratio of heavy isotopes increases if lipids are lost by heating because lipids contain many light isotopes compared to carbohydrates. Poole et al. (2002) reported the result of a heating experiment using peas and they showed a change of ~2‰ in δ 13 C, but the direction of the change was not the consistent. On the other hand, the δ 15 N values increase in all samples except for the raccoon dog. In the red bean and sesame, the δ 15 N ratio increases considerably (about +4‰). It is necessary to examine the chemical change by processes such as the Maillard reaction when protein is carbonized. The carbon to nitrogen ratio (C:N) values were able to distinguish starchy matter as nuts from other ordinary C 3 plants (Figure 4 ).
The isotope ratios of the prehistoric carbonized plants are similar to those of their modern counterparts, but the δ 15 N values of uncarbonized plants are 10-20‰ more positive than those of modern ones, while carbonized plants remain similar (DeNiro and Hastorf 1985) . Thermal treatments (at 200 C) for wild boar, bream, hazelnut, turnip, and wheat were done in laboratory conditions and the δ 13 C varied from -0.3 to +0.5‰ and those of δ 15 N from -0.2 to +1.5‰ between before and after treatment. As a result, the atomic ratios (C:N) changed greatly as well (Boudin et al. 2010 ). Overall, though, the isotopic ratios did not change dramatically, confirming that carbonized residues adhered on potsherds maintain the information of cooking ingredients and are useful to estimate the origin of charred materials and to reconstruct paleodietary information.
In addition to those for single cooking ingredients, an experiment to boil multiple cooking ingredients together was conducted. Analyses are ongoing but preliminary results show that if severe diagenesis has not occurred since burial, the ingredients can probably be inferred based on the isotope composition of the charred residue left on the surface of the excavated potsherd.
Estimation of Cooked Food from the Charred Residue
Using earthenware vessels to analyze carbonized residue adhered on the potsherd constitutes a powerful tool for inference. Carbon isotope ratios and atomic ratios of carbon and nitrogen were measured for 35 samples. Nitrogen isotope ratios were analyzed for 22 samples. Samples in Table 1 were taken from the outer side of potsherd, except for the sample from Kosegasawa. In all, 45 potsherds of the Unokiminami site exist including unmeasured samples. There were 6 paired inner and outer samples. There were only inner residues for 3 samples. Some 36 samples were taken from the outside of potsherd. In the same area, there were a group of gorgeous decorated pots, called "Flame type pottery (Kaendoki)" of the Middle stage of the Jomon period, 5300-4800 cal BP. Carbonized residues adhered on the inner side or the outer of the rim (Yoshida 2012) . The situation differs from that of samples from the Unokiminami site. Residues adherent on the potsherd surface might not look like soot because of their thickness. Carbon isotopic and C:N ratios were measured for 23 samples and nitrogen isotopic ratios were measured for 17 samples (Table 2) .
C:N ratios indicate that starchy things like nuts were cooked independently ( Figure 5 ). All samples from the Kuboderaminami site, 1 sample of the Jin site, and 1 sample of the Kosegasawadoketsu site show values higher than 35. The latter is an inner sample that unquestionably shows the results of cooking nuts alone. Based on the C:N atomic ratios, no residue resulting from cooking nuts sepa- rately was found in he "flame type pottery" (Yoshida 2012) . We suspect that early pottery might have been used to boil horse chestnuts and similar nuts to lessen their harsh taste.
Excluding the starchy group, no sample showed a value greater than 22, and C:N ratios were distributed between 9 and 22. The results suggest that 2 groups exist: one group with ratios around 20 (e.g. the Nakada D site) and another one group has ratios around 10 (Saigura and Komaruyama B sites). One δ 15 N result was especially low, 2.1 (Figure 6 ).
Some 23 samples from Unokiminami site were analyzed. The C:N ratios were 6.9-11.6 for inner samples except for sample 14. δ 15 N values higher than 7-8 suggest marine products were probably cooked in the vessels (Yoshida 2012) . Many samples shown in Figure 6 have values higher than 7-8. In the Tsunan-machi region of the Incipient Jomon period, marine products were cooked in Jomon pottery, which is notable since this area is 40 km from the sea. However, fish such as salmon and trout are present in the upper Shinano River and its tributaries. It can be presumed that these residues are products of having cooked anadromous fish such as salmon and trout. This situation is the similar to that discussed above for flame type pottery (Yoshida 2012 ).
Nevertheless, one important problem persists. During the Incipient Jomon period, the sea level was lower than it is now. In recent years, the situation of the Sea of Japan during the Jomon transgression from the LGM has been clarified. The Sea of Japan, with a maximum depth of 3700 m, is connected to the open sea through 4 shallow straits: the Tsushima In the LGM, the sea level is thought to have dropped about 120-130 m, partially isolating the Sea of Japan at this time, causing an increase inflow of river water. Lee et al. (2008) pointed out that 3 straits with shallower than 130-m sills were completely closed and the Tsushima Strait (maximum sill depth of 140 m) seems to have persisted as a partial connection to the East Sea. In the Incipient Jomon period, the Sea of Japan was not connected to the open sea in its northern area. It is questionable whether C/N ratio Kuboderaminami salmon and trout were able to return to the Shinano River. The DNA analysis of population structure and stock identification of chum salmon show that the populations of Honshu and Hokkaido on the Sea of Japan coast are close genetically, although the population of the Pacific Ocean side differs (Beacham et al. 2008) . Thus, it is inferred that salmon and trout were trapped in the Sea of Japan or returned through the shallow Tsugaru Strait and were thus an available food source for inhabitants at the time.
The change of in nitrogen ratios might reflect mass fractionation by carbonization. Moreover, the possibility exists of enrichment by diagenesis under the burial. It will be necessary to examine that point in the future using pyrolysis-gas chromatography/mass spectrometry, a complicated analysis that must be further developed.
CONCLUSION
The 14 C ages for charred residues on potteries were measured for 35 samples of the Incipient Jomon period. The calibrated 14 C ages for "Linear-relief type" of the Kuboderaminami site were distributed between 15,200 and 14,200 cal BP. The ages for the "pitted decoration type" of the Jin site are between 13,800 and 13,400 cal BP. The ages of "Nail-impressed type" at Saigurasite continued to 13,300 cal BP, and those of the Nakada D site were between 13,400-13,100 cal BP. The calibrated ages of the Unokiminami site spanned 13,000-12,600 cal BP. Based on the C:N atomic ratios, residue resulting from cooking nuts separately is detected in early pottery. In the Tsunan region of the Incipient Jomon period, marine products were cooked in Jomon pottery. Residues on inner surface
